It wasn't exactly flying blind, but it was close. On a moonless night last August, a helicopter chased a balloon through the inky darkness above a patch of Canadian wilderness, guided only by the balloon's GPS coordinates.
Matthew Rodencal of the University of Alabama in Huntsville tracked the signals, calling out directions to the helicopter's two pilots, who could not see their target drifting 35 kilometers overhead: "Turn 20 degrees east." Inside the cabin, the visibility was nearly as poor, as the light had to be kept to a minimum to allow their eyes to remain adjusted to the blackness of night. "We flew more or less in the complete dark," says Johannes Eser, a graduate student in physics at the Colorado School of Mines in Golden, who was also on the flight.
Why attempt such a hunt, and why do it in the stygian darkness? It was all in service to an even loftier-and more difficult-quest: unlocking the secrets of the universe's most energetic particles. The mission was a testrun, part of the preparation for an experiment to be proposed next year to NASA that would launch to the International Space Station (ISS).
Called ultrahigh-energy cosmic rays (UHECRs), these particles occasionally barrel into the Earth's atmosphere with energies up to 50 million times that of protons accelerated at the world's most powerful particle smasher, the Large Hadron Collider in Switzerland. When one of these speedy cosmic rays hits an atmospheric molecule, the collision is so energetic it can generate 100 billion other particles in what's called an "air shower." The shower causes molecules of nitrogen, the most abundant gas in the atmosphere,
As part of an experiment to investigate cosmic rays, researchers boarded a helicopter and chased a hot air balloon above a patch of Canadian wilderness. Image courtesy of Lawrence Wiencke (Colorado School of Mines, Golden, CO).
to emit UV light in a process known as fluorescence, providing a way to detect incoming UHECRs.
But the collisions are extremely rare; the highest-energy cosmic rays hit any given square kilometer just once a century. This makes for a difficult hunt. "Either you have to measure one square kilometer for a long period of time or you measure a very large area," says John Krizmanic, a physicist based at NASA's Goddard Space Flight Center in Greenbelt, Maryland.
The biggest cosmic-ray observatories on Earth, the Pierre Auger Observatory in Argentina and the Telescope Array in Utah, are trying to detect enough of the particles to build up a pointillist portrait of their arrival directions in the sky. But so far, neither has found enough to identify a physical source that could be shooting the rays out through space, leaving their origins a mystery.
To broaden their view and increase their chances of catching the rare particles, physicists want to move to higher ground, or rather, higher above the ground. They hope to launch an UV detector to the ISS by 2022 that would pick up UHECRs from its perch 400 km up at a rate about 10 times as great as is now seen by Auger and other groundbased detectors. Over its five-year mission, the detector, which would be placed on a Japanese laboratory module on the ISS and is called the Japanese Experiment ModuleExtreme Universe Space Observatory (JEM-EUSO), may spot 1,000 cosmic rays with an energy above 60 billion billion electron volts, says Angela Olinto of the University of Chicago, the mission's principal investigator.
With numbers that high, physicists may finally learn what kinds of cosmic objects can accelerate the particles to such extreme energies. Neutron stars, gigantic, gorging black holes, and run-ins between galaxy clusters are all suspects, but none of these objects appears powerful enough to do the job adequately, says Eun-Joo Ahn, an Auger team member at Fermilab in Batavia, Illinois. "Cosmic-ray physicists have a lot of mysteries to solve," she says.
A satellite's eye-view has never been attempted before, however. So researchers used the balloon and helicopter to do a sort of dry run last summer in Timmins, Ontario, Canada. They dangled a half-ton UV detector from the balloon, but because the balloon was aloft for just a few hourstoo short a time to spot the cagey particles-"It sounds a little ridiculous, but in this case, a helicopter was the best way to follow the balloon."-Johannes Eser the researchers simulated the fluorescence produced by cosmic-ray air showers by shooting a UV laser into the air from the helicopter flying below. The laser's wavelength was the same as that emitted by fluorescing nitrogen molecules in cosmic-ray air showers; so, when the laser scattered off molecules in the air and that scattered light reached the detector, it looked like the signal from a UHECR collision.
They needed lots of space for their chase. "Around there, there are not many roads, it's mostly forest," says Eser. "It sounds a little ridiculous, but in this case, a helicopter was the best way to follow the balloon."
Eser, whose job it was to fire the laser, reported the first analysis of the flight data in April at the American Physical Society meeting in Baltimore, Maryland. The researchers were able to trace the trajectories of some of the laser's seven-nanosecond firings quite well, he said, whereas other tracks appeared to originate farther away than the helicopter actually flew. In at least some of the problematic cases, the tracks may not have passed through the detector's entire field of view, providing few data points to reconstruct the laser beam's position, an issue the team is working to minimize. This will help pave the way for JEM-EUSO to achieve its main goal. "We want to calculate the arrival direction from cosmic rays," says Eser.
Krizmanic, who was at Eser's talk and has been developing possible satellite missions to follow JEM-EUSO, says the balloon data "is very qualitative right now," but adds, "it is very encouraging."
The test was important, agrees Ahn, because no space missions have ever looked for this fluorescence signal. "I think every single aspect of JEM-EUSO is an obstacle unless you can test it carefully," she says.
Among other things, a space-based mission will have to account for how clouds are affecting the observations, because high-altitude clouds can block the light from any air showers occurring beneath them. The air shower light is also swamped when the atmosphere is lit from the sun above or bright cities below. Accounting for these effects, the team estimates that JEM-EUSO will be able to take useful data for about 20% of the time it spends in orbit.
Further tests of the mission design include a balloon flight to lift off in the next two years that should last at least two weeks, long enough to observe the tracks from actual UHECRs.
These initial tests, involving helicopter chases in the dark of night and long-duration pressurized balloon flights, might seem like a lot of effort to go to for the chance at catching some speedy cosmic particles. But if physicists wanted to create these particles for study themselves, they would have to build an accelerator like the Large Hadron Collider with a radius the size of Mercury's distance from the sun, says Eser. Besides, he adds, no one had to twist his arm to help put on a laser light show from a helicopter. "That was pretty neat, I have to say."
